Abstract
Introduction
Colorectal cancer (CRC) is the third most common cancer and the fourth most common cause of cancer-related death in the world. More than 1.2 million patients are diagnosed with CRC, and more than 0.6 million patients die from the disease every year [1] . It is recognized that sodium butyrate (NaBt), produced during fermentation of dietary fiber by anaerobic bacteria in the colon, exerts an anticancer effect on CRC [2] [3] [4] . However, the mechanisms have not been fully elucidated yet. Cumulative reports have confirmed that NaBt inhibits CRC as a histone deacetylase (HDAC) inhibitor, which can reactivate gene expression and inhibit the growth and survival of tumor cells [5] [6] [7] .
On the other hand, it is reported that the ability of NaBt in the suppression of CRC cells is associated with its regulation of microRNA (miRNA), such as miR-106b family and miR-17-92 cluster members expression [8] [9] . miRNAs are small, non-coding RNAs that regulate the cellular pathways including cell cycle arrest, apoptosis, proliferation and differentiation [10] [11] . More than 1000 miRNAs in human have been recognized, and most of them target hundreds of genes [12] . Genetic or epigenetic modifications alter the expression of miRNAs in various human tumors [13] , and the dysregulation of miRNA expression is involved in carcinogenesis through regulating the expression of oncogenes or tumor suppressors [14] . In CRC cells, a lot of miRNAs have been found to affect cell growth, migration and invasion by regulating certain genes [15] [16] [17] [18] .
Published data indicate that miR-203 has the effects on inhibition of cell proliferation, cell invasion, cell metastasis, and the promotion of cell apoptosis [19] [20] . In a previous study on skin tumor, miR-203 downregulation was shown to be prevented in presence of NaBt, indicating that NaBt could exert its chemopreventive effects by modulating miR-203 levels in skin tumor [21] .
Based on the above information, we hypothesize that NaBt can inhibit CRC by regulating miR-203 expression. In the present study, we observed the effects of NaBt on the expression of miR-203 in HT-29 and Caco-2 colorectal cell lines. Our data presented that NaBt upregulated miR-203 to restrict cell proliferation, colony formation, cell invasion, and induce cell apoptosis in CRC cells. Meanwhile, we determined NEDD9 as a target gene of miR-203, and NEDD9 partially reversed the inhibitory function of miR-203 upon CRC cell colony formation and invasion. These results may provide a novel miR-203/NEDD9 cascade in the process that NaBt exerts anti-proliferation effects on CRC cells.
Materials and Methods
Cell culture HT-29 and Caco-2 cells (ATCC, Manassas, VA, USA) were cultured in RPMI 1640 medium (GIBCO Invitrogen GmbH, Karlsruhe, Germany) containing 10% fetal bovine serum (FBS) (BD Biosciences, San Dieo, CA, USA) and antibiotics (100,000 U/Lpenicillin and 100 mg/L streptomycin) at 37°C and 5%CO 2 .
Cell treatment and transfection
For cell proliferation and colony formation assays, CRC cells of the NaBt group were treated with medium containing 4mM or 8mM NaBt (Sigma, St. Louis, MO) in complete medium for the preset culture duration as hereinafter described [22] . For other studies, cells of the NaBt group were treated with 4mM or 8mM NaBt for 24 hours before experiment. Cell transfection was performed with Lipofectamine TM 2000 (Invitrogen) following the manufacturer's instructions. HT-29 and Caco-2 cells seeded in 6-well plates were transfected with miR-203 mimics or scramble mimics at a concentration of 50 nM. The sequence of the miR-203 mimics is 5 ' -GUGAAAUGUUUAGGACCACUAG-3 ' , 5 ' -AGUGGUCCUAAACAUUUCACUU-3 ' ; the sequence of the scramble is 5 ' -UUCUCCGAACGUGUCACGUTT-3 ' , 5 ' -ACGUGACACGUUCGGAGAATT-3 ' . NEDD9 was silenced by RNA interference with specific siRNA oligonucleotides. The target sequences genes were: 5'-UCCCAUGCAGGAGACUGC CUCCAGU-3'.
miRNA target prediction and dual luciferase reporter assay miRNA target prediction was performed using bioinformatic algorithm TargetScan. To verify the prediction, a luciferase reporter assay was performed with the pmirGLO vectors (Promega Corporation, Madison, WI, USA) containing wild-type (WT) NEED9 3´-UTR and mutant-type (MT) NEDD9 3´-UTR. HT-29 and Caco-2 cell lines were divided into four groups respectively. The first group was cotransfected with scramble mimics and pmirGLO-WT; the second group was cotransfected with miR-203 mimics and pmirGLO-WT; the third group was cotransfected with scramble mimics and pmirGLO-MT; and the fourth group was cotransfected with miR-203 mimics and pmirGLO-MT. Luciferase activities were measured with a Dual-Luciferase Reporter assay System (Promega).
Quantitative reverse transcription PCR (qRT-PCR)
Total RNAs were extracted using Trizol reagent (Invitrogen) according to the manufacturer's instructions. All of the operations of the RNA were carried out under RNase-free conditions. RNA concentration was measured using a Biophotometer plus (Eppendorf, Hamburg, Germany) at 260 nm, and the isolated RNA was stored at -80°C. 1µg of total RNA was used for reverse transcription to synthesize miRNA cDNA using gene-specific primers (Ribobio, Guangzhou, China) and the M-MLV RT kit (Invitrogen). miR-203 expression was assessed using qRT-PCR on the ABI PRISM 7500 Sequence Detection System. The fold changes in miRNA expression were determined using the 2 −ΔΔCT method, and the expression was normalized to the U6 small nuclear RNA expression level. The primers used for qRT-PCR of miR-203 were miR-203 forward 5'-GTGAAATGTTTAGGACCACTAGAA-3', U6 forward 5'-CGCTTCGGCAGCACATATAC-3', and the universal reverse primer 5'-GCGAGCACAGAATTA ATACGAC-3'. Each sample was analyzed in triplicate.
Western blotting
HT-29 and Caco-2 cells were lysed with RIPA buffer containing 1% PMSF. Protein extracts were quantified using BCA kit (Beyotime, Haimen, China). Protein samples (50μg of each sample) were separated by SDS-PAGE and transferred onto PVDF membranes. After blocking with 5% skim milk for 1 h, membranes were incubated with anti-NEDD9 antibodies (1:1,000) (Cell Signaling Technology, Danvers, MA, USA) or anti-β-actin antibodies (1:4,000) (Sigma-Aldrich, St. Louis, MO) overnight at 4°C. After washing by TBST, membranes were then incubated with HRP-conjugated secondary antibodies (1:10, 000) (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Finally, signals on the membranes were detected by enhanced chemiluminescence (Millipore, Billerica, MA, USA ) following the manufacturer's instructions.
Cell proliferation and Colony formation assays
Cell proliferation was evaluated with an MTT assay. CRC cells were plated in 96-well plates at 1×10 4 cells/well and incubated. Cell proliferation was assessed at 0, 24, 48, and 72 h. In brief, 20 μL MTT (5mg/ ml) was added to each well and incubated for 4 h. The CRC cells were agitated with 150 μL DMSO for 15 min. The absorbance at 490nm was recorded in the Epoch Microplate Spectrophotometer (Bio Tek, CA, USA). For colony formation assay, CRC cells were plated in 6-well plates at 200 cells/well and cultured for 14 days. Then the colonies were stained by 0.05% Crystal Violet solution for 1 hour. The number of colonies was assessed in four randomly selected fields.
Cell apoptosis assay
Cell apoptosis was assessed by flow cytometry (Beckman, USA). 24h after the cell transfection or treatment, the CRC cells were trypsinized and then processed with an Annexin V-FITC/PI Apoptosis Detection Kit (BD) according to the manufacturer's protocol. In brief, the CRC cells were washed with PBS and then resuspended in 200µl of binding buffer. 10 µl Annexin V-FITC and PI were then added. Cells were incubated for10 minutes in the dark and then subjected to flow cytometry assay. Cells were gated and plotted for Annexin V-FITC and PI in a two way dot plot to assess the percentage of apoptotic CRC cells.
Cell invasion assay
Cell invasion was carried out in Transwell systems (Corning, USA). Transfected or treated CRC cells (5×10 5 ) were seeded in upper chambers coated with matrigel (BD) in serum-free medium. Medium with 20% FBS was filled in the lower champers. The non-invading cells were removed from the upper surface of the filter after 24 h incubation and the invading cells adhered to the bottom were fixed by 70 % ethanol for 30 min, stained by 0.2 % crystal violet for 10 min and scored by counting five randomly selected fields per filter under a light microscope. All experiments were performed three times in triplicate.
Statistical analysis
Data are presented as mean ± standard deviation (SD) from at least three independent experiments. Statistical analysis was conducted using SPSS 17.0. The differences between groups were assessed by Oneway analysis of variance (ANOVA). The differences were regarded significant when p-values < 0.05.
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Results

NaBt upregulates miR-203 and downregulates NEDD9 in HT-29 and Caco-2 cells
To observe the correlations between NaBt and the levels of miR-203 or NEDD9 in CRC cells, we analyzed a qRT-PCR and a Western blotting assay separately. Compared with control group, miR-203 was significantly increased by NaBt in both HT-29 and Caco-2 cells (P < 0.05; Fig. 1a ). There was no significant difference between the 4mM and 8mM NaBt groups (P > 0.05; Fig. 1a) . Western blotting showed that NaBt treatment reduced NEDD9 protein expression markedly in both HT-29 and Caco-2 cells (Fig. 1b and c) .
miR-203 directly targets NEDD9
We performed a bioinformatic analysis to predict the target genes of miR-203. The results revealed that NEDD9 3'UTR had binding sites with hsa-miR-203, indicating that NEDD9 was a potential target of miR-203 (Fig. 2a) . Western blotting revealed that miR-203 inhibited the NEDD9 protein expression in both HT-29 and Caco-2 cells (Fig. 2b and c) . Dual luciferase reporter assays showed that transfection of the miR-203 mimics decreased the luciferase activity of the Wt NEDD9 reporter gene but not the Mt reporter gene in both HT-29 and Caco-2 cells (Fig. 2d and e) . Taken together, the data above strongly indicate that NEDD9 is the target gene of miR-203. 
Upregulation of miR-203 inhibits CRC cell invasion
Since CRC cells have the invading ability, the effects of miR-203 on CRC cell invasion were examined. Fig. 5 showed that overexpression of miR-203 significantly inhibited HT-29 and Caco-2 cell invasion compared with the control groups (P < 0.05; Fig. 5 ).
NaBt presents similar trends in affecting CRC cell proliferation, colony formation, cell apoptosis and invasion with miR-203 upregulation and NEDD9 knockdown
We observed HT-29 and Caco-2 cells treated with NaBt, transfected with miR-203 or NEDD9 siRNA exhibited a significant decrease in OD value, which indicates that NaBt, miR-203 and NEDD9 knockdown have inhibitory effects on CRC cell proliferation (P < 0.05; Fig.  6a and b) . Meanwhile, the OD value of NaBt (4or 8 mM) group was lower than the miR-203 group in HT-29 and Caco-2 cells (P < 0.05; Fig. 6a and b) . Compared with the blank control group, the number of colonies in NaBt, miR-203 or NEDD9 siRNA groups was significantly decreased, indicating the inhibitory role of NaBt, miR-203 or NEDD9 siRNA on the ability of CRC cell colony formation (P < 0.05; Fig. 6c ). The colony number of 8mM NaBt group was lower than miR-203 group (P < 0.05; Fig. 6c ). Fig. 6d showed that NaBt, miR-203 and NEDD9 siRNA group had a larger percentage of apoptotic cells than the blank control group. Therefore, NaBt, miR-203 and NEDD9 knockdown promote the apoptosis of CRC cells (P < 0.05). Besides, the number of apoptotic cells in NaBt (4 or 8 mM) group was also higher than miR-203 group (P < 0.05; Fig. 6d ). Cell invasion assay demonstrated a significant decrease of invasive cells in NaBt, miR-203 and NEDD9 siRNA groups compared to the blank control group, which validates the inhibitory effects of NaBt, miR-203 and NEDD9 knockdown on CRC cell invasion (P < 0.05; Fig. 6e ). However, there was no significant difference between miR-203 group and NaBt group (P > 0.05; Fig. 6e ). Taken together, NaBt, miR-203 upregulation and NEDD9 knockdown enhances CRC cell apoptosis, inhibits CRC cell proliferation, colony formation and invasion. NaBt tend to have stronger effects than miR-203 on induction of CRC cell apoptosis, inhibition of CRC cell proliferation and colony formation.
Overexpression of NEDD9 lacking 3'UTR partly reverses the inhibitory effects of miR-203 and NaBt on CRC cells
To further validate that miR-203 is directly involved in the regulation of NEDD9 and the miR-203/NEDD9 cascade is one of the mechanisms for NaBt to regulate CRC cells, Western blotting was firstly conducted to analyze the expression of NEDD9 in HT-29 and Caco-2 cells. Comparing with the blank control group, NEDD9 expression was significantly decreased in miR-203 and NaBt group whereas increased when transfected with pcDNA3.1-NEDD9 or lacking 3'UTR pcDNA3.1-NEDD9 (P < 0.05; Fig. 7a ). Comparing with pcDNA3.1-NEDD9 group, NEDD9 expression was significantly decreased in the presence of either miR-203 or NaBt cotransfected with pcDNA3.1-NEDD9 (P < 0.05; Fig. 7a ). However, we found that NEDD9 expression showed no significant difference in the presence of either miR-203 or NaBt cotransfected with lacking 3'UTR pcDNA3.1-NEDD9 compared to the lacking 3'UTR pcDNA3.1-NEDD9 group (P >0.05; Fig. 7a ). We conclud that NEDD9 expression is not affected by NaBt or miR-203 when HT-29 and Caco-2 cells are transfected with NEDD9 lacking 3'UTR. We subsequently performed the colony formation and cell invasion assays in HT-29 and Caco-2 cells. The colony number of HT-29 and Caco-2 cells transfected with miR-203 or treated with NaBt was significantly decreased whereas increased when transfected with pcDNA3.1-NEDD9 or lacking 3'UTR pcDNA3.1-NEDD9 compared with the blank control group (P < 0.05; Fig. 7b ). Comparing with pcDNA3.1-NEDD9 group, the colony number was significantly decreased in the presence of either miR-203 or NaBt cotransfected with pcDNA3.1-NEDD9 (P < 0.05; Fig. 7a ). However, compared to lacking 3'UTR pcDNA3.1-NEDD9 group, the colony number showed no significant difference in the presence of either miR-203 or NaBt cotransfected with lacking 3'UTR pcDNA3.1-NEDD9 (P >0.05; Fig. 7b ). More colony number of CRC cells was observed in the miR-203 and lacking 3'UTR pcDNA3.1-NEDD9 group than the miR-203 and pcDNA3.1-NEDD9 group, similar results could be seen when comparing NaBt and lacking 3'UTR pcDNA3.1-NEDD9 group with NaBt and pcDNA3.1-NEDD9 group (P < 0.05; Fig. 7b ). These results illustrate that overexpression of NEDD9 lacking 3'UTR could reverse the inhibitory effects of miR-203 and NaBt on CRC cell colony formation. The number of invasive cells of HT-29 and Caco-2 cells transfected with miR-203 or treated with NaBt was significantly decreased whereas increased when transfected with pcDNA3.1-NEDD9 or lacking 3'UTR pcDNA3.1-NEDD9 compared with the blank control group (P < 0.05; Fig. 7c) . Comparing with the NEDD9 pcDNA3.1-NEDD9/lacking 3'UTR pcDNA3.1-NEDD9 group, the number of invasive cells was decreased when cotransfected miR-203 with pcDNA3.1-NEDD9/ lacking 3'UTR pcDNA3.1-NEDD9, similar trends could be seen when comparing pcDNA3.1-NEDD9/lacking 3'UTR pcDNA3.1-NEDD9 group with NaBt and pcDNA3.1-NEDD9/lacking 3'UTR pcDNA3.1-NEDD9 group (P < 0.05; Fig. 7c ). The number of invasive cells in the miR-203 and lacking 3'UTR pcDNA3.1-NEDD9 group was increased compared to the miR-203 and pcDNA3.1-NEDD9 group, similar results were also observed when comparing NaBt and pcDNA3.1-NEDD9 group with NaBt and lacking 3'UTR pcDNA3.1-NEDD9 group (P < 0.05; Fig. 7c ). These results indicate that overexpression of NEDD9 lacking 3'UTR partly reverses the inhibitory effects of miR-203 and NaBt on CRC cell invasion. Taken together, we conclude that Overexpression of NEDD9 lacking 3'UTR partly reverses the inhibitory effects of miR-203 and NaBt on CRC cell colony formation and invasion.
Discussion
It is generally believed that the occurrence and development of CRC is due to multiple factors, among which hereditary and environmental factors are the most important. Intestinal microecology, which is mainly composed of gut microbiota and dietary, is the primary environmental factor. Increasing evidence demonstrates that colonic microbiota plays a significant role in the pathogenesis CRC [23] . Probiotics such as lactobacillus and bifidobacterium are involved in the prevention of CRC through a variety of mechanisms, including inhibiting the colonization of pathogenic bacteria, impairing the carcinogenicity by decreasing the production of or combining with cancerogen, strengthening the immune reaction of the host and producing effective tumor suppressors such as short chain fatty acids (SCFAs) [2] [3] [4] . Epidemiological studies show that a diet rich in fiber decreases the incidence and development of colon cancer, supporting the antitumor effects of SCFAs [24] .
As a member of SCFAs, NaBt functions as a tumor suppressor factor during the interactions between intestinal microecology and CRC. Numerous studies have revealed that NaBt inhibits cell proliferation, invasion and migration as well as induces cell apoptosis and differentiation [25] [26] [27] [28] [29] [30] [31] [32] . NaBt has been proven to suppress CRC by acting as an HDAC inhibitor and inhibiting the HDAC activity at the transcription level, resulting in the upor down-regulation of specific genes that were crucial in inducing CRC cell cycle arrest or apoptosis. Beyond that, the ability of NaBt to regulate gene expression was associated with its regulation of miRNA expression in CRC [33] [34] . In the present study, we found that NaBt upregulated miR-203 in HT-29 and Caco-2 cell lines, and that NaBt presented similar trends in affecting CRC cell proliferation, colony formation, cell apoptosis and invasion with miR-203 upregulation. This demonstrates that NaBt could upregulate miR-203 to inhibit HT-29 and Caco-2 cell lines. Our data also showed that the effects of NaBt on CRC cell proliferation, colony formation and apoptosis were superior to the upregulation of miR-203. This may be explained by the proven mechanism that NaBt inhibits CRC by acting as an HDAC inhibitor [33] .
miR-203 is a keratinocyte-derived miRNA that promotes epithelial differentiation from proliferative basal progenitors in the dermis by suppressing p63, a member of the p53 family [35] [36] [37] . miR-203 is dysregulated in several cancers and it links to the tumor progression. For example, miR-203 is significantly downregulated in prostate cancer and renal cancer, and functions as a tumor suppressor by inhibiting cell proliferation, migration and invasion [38] [39] . In studies of colorectal cancer, high levels of miR-203 were detected in CRC [40] [41] [42] and increased expression of miR-203 significantly inhibited proliferation, motility, as well as invasion of CRC cells [43] , which is consistent with our data. Beyond that, the present study explored the inhibitory effects of miR-203 on CRC cell colony formation, indicating that miR-203 had inhibitory effect on the anchorage independent cell growth, which suggested the oncogenic potential of CRC cell.
In previous studies, miR-203 was shown to inhibit proliferation, adhesion, and invasion of prostate cancer cells through directly targeting Rap1A, a member of RAS oncogene family [38] or decreased cell proliferation by targeting Hakai in CRC cells [19] . In our experiments, we performed a bioinformatic analysis to predict the target genes of miR-203 and found that NEDD9 was a target gene of miR-203. NEDD9, also known as HEF1 or Cas-L, is a multidomain scaffolding protein belonging to the Cas family. A number of reports suggest that NEDD9 is a biomarker of invasion, migration, or prognosis in numerous types of cancer including lung cancer, breast cancer, liver cancer, melanoma, and gastric cancer [44] [45] [46] [47] [48] . Recently, NEDD9 was found highly expressed in CRC tissues and high NEDD9 expression was correlated with tumor stage and grade, as well as poorer overall survival [49] . Reports pointed out that the elevation of NEDD9 promoted cell proliferation, cell migration and invasion of CRC cells [50] [51] . In the present study, the NEDD9 downregulation was shown to exert inhibitory effects on CRC cell proliferation, colony formation and invasion and induce CRC cell apoptosis, which further validates NEDD9 as an oncogene. We also found that miR-203 targeted NEDD9. Overexpression of NEDD9 lacking 3'UTR could partially reverse the inhibitory effects of miR-203 on CRC cell colony formation and invasion. These data suggest that miR-203 inhibits CRC cell colony and invasion by binding to the 3'UTR of NEDD9.
In conclusion, our data indicate that NaBt can upregulate miR-203 to inhibit CRC cell proliferation, colony formation and invasion as well as promote CRC cell apoptosis. We also identify NEDD9 as an oncogene and a target gene of miR-203 in CRC cell lines. miR-203/NEDD9 cascade may be one of the mechanisms underlying NaBt induces CRC cell suppression. The present study has enriched the mechanisms underlying the process that NaBt exerts anti-tumor effects on CRC cells.
